Possible phases in a nematic liquid crystal confined to a spherical submicrometer droplet embedded in a solid polymer are analyzed in terms of a Landau -de Gennes theory. For a droplet with a radial structure we show that the strength of the nematic-polymer interfacial interaction affects the nematic-paranematic (partially ordered isotropic phase) phase transition and may in addition induce a boundary-layer nematic phase. This boundary layer phase exists only in a narrow ( -0.1 K) temperature interval above the nematic phase for a restricted range of interfacial interactions. Also in the radial structure the degree of ordering is suppressed close to the center of the droplet where a defect is located. As the size of the droplet decreases, the relative size of this region of suppressed ordering increases. Below a critical radius R. , (0.22 pm for 4-n-pentyl-4 -cyanobiphenyl), if the surface interaction is above a critical value (q, "=1. 85X10 ), the transition between the nematic phase and the paranematic phase no longer occurs. A three-dimensional phase diagram is presented to demonstrate the effect of the surface interaction strength, droplet radius, and sample temperature on the stability of phases within a droplet.
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I. INTRODUCTION
There has been considerable interest over the past few years in geometrically confined systems and related surface phenomena. In the field of liquid crystals such systems are of interest due to their importance in the electro-optic industry. Studies of a liquid crystal confined to small droplets have been stimulated recently by the appearance of a new generation of liquid-crystal shutters and displays based on the use of polymer-dispersed liquid crystals' (PDLC) . These materials are dispersions of micrometer-size liquid-crystal droplets embedded in a solid polymer matrix. Droplets with a relatively small variance in radius are formed during the polymerization process of the liquid-crystal -polymer (epoxy resin) mixture. The average droplet radius varies from the submicrometer region up to 100 pm, depending on the conditions that regulate the polymerization process. Due to a high surface-to-volume ratio in PDLC, surface interactions strongly influence the structure within droplets.
Structures of such droplets are characterized by specific orientational and positional ordering.
The latter is present only in phases where smectic ordering appears. Here we limit our discussion to a system where a nematic or a very weakly nematic (paranematic) ordering is present. In such systems a structure is characterized by the positional dependence of the nematic order parameter which is a second rank tensor. If the ordering is uniaxial the structure is completely described by the director field (configuration) and the positional dependence of the scalar order parameter S.
The types of structures commonly reported depend on the boundary condition for the director at the surface.
For homeotropic anchoring at the polymer-nematic interface the radial and axial configurations are seen; and bipolar, twisted bipolar, and concentric configurations occur for tangential anchoring, where the nematic director is parallel to the droplet surface. In the radial configuration ' [ Fig. 1(a) 
II. LANDAU -de GENNES FREE ENERGY
In order to have a simple radial ordering in the nematic droplet we limit our discussion to cases where a strong homeotropic anchoring is enforced at the spherical droplet surface. The nematic director n is radial everywhere. There is only a splay-type elastic deformation, and the symmetry of the local director Auctuations is not broken. Therefore uniaxial ordering is expected. This, together with the fact that the radial director field does not change, enables us to completely describe the phase in such a droplet by a single scalar order parameter. The local value of the orientational order parameter S(r) is given by S(r) = ( 3 cos 8 -1 ) /2, with 8 being the angle' between the average and instantaneous direction 'of nematic director n at a point r and ( ) indicating time average. ' To find the possible phases we minimize the Here 6 is a a surface coupling, R the droplet radius, and 5(r -R) a delta function.
For the case of the radial configuration within the spherical droplet, the free-energy density can be written in terms of a dimensionless spherical coordinate p=r/R and dimensionless constants 
III. RKSUI.TS
In the first step the partial difFerential equation (3) is solved numerically using the relaxation method for a chosen surface order parameter value S(r =R). In the second step the surface free-energy term is taken into account and the equilibrium value S(r =R) =So is obtained after the minimization of the total free energy. In the e arameter S as 'n and (b) Fig. 10 ). In the neighborhood of q =q;"-0.96X 10 the surface interaction becomes strong enough that it can also induce a separate XBL phase before the transition into the nematic phase. The X to NBL transition temperature only slightly changes with increasing surface interaction, but with increasing radius decreases and approaches the bulk transition temperature ATb"&k -1.402 K, because of the decreasing surface inhuence on the average molecule. The I'-XB" transition is nearly independent of R for R )R"but shifts to larger AT as q increases above q
Below the critical radius R =R"where the N~"phase cannot be distinguished from the nematic phase, the transition temperature to the paranematic phase strongly depends on the interaction q and radius R and is in most of this region suppressed far below T"", k. The line of critical points q, "strongly depends on radius as well (Fig.   11 ). ' Unfortunately, a completely general treatment, which is much more complicated, should also include deformation-induced biaxiality.
Some of these improvements will be discussed in a subsequent paper devoted to large nematic droplets with weak homeotropic anchoring on the surface.
